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Catalytic wet oxidation of trichloroethylene (TCE) in water has been conducted using TiOs-supported cobalt
oxides at 36°C with a weight hourly space velocity of 7,500 h'. 5% CoO,/TiO,, prepared by using an incipient
wetness technique, might be the most promising catalyst for the wet oxidation although it exhibited a transient
behavior in time on-stream activity. Not only could the bare support be inactive for the wet decomposition
reaction, but no TCE removal also occurred by the process of adsorption on TiO, surface. The catalytic activity
was independent of all particle sizes used, thereby representing no mass transfer limitation in intraparticle
diffusion. XPS spectra of both fresh and used Co surfaces gave different surface spectral features for each CoOy.
Co 2ps» binding energy for Co species in the fresh catalyst appeared at 781.3 eV, which is very similar to the
chemical states of CoTiOx such as Co;TiOs and CoTiOs. The used catalyst exhibited a 780.3-eV main peak with
a satellite structure at 795.8 eV. Based on XPS spectra of reference Co compound, the TCE-exposed Co surfaces
could be assigned to be in the form of mainly Co3O0s. XRD patterns for 5% CoO,/TiO; catalyst indicated that
the phase structure of Co species in the catalyst even before reaction is quite comparable to the diffraction lines
of external CosO, standard. A model structure of CoO. present predominantly on titania surfaces would be
C0304, encapsulated in thin-film CoTiOx species consisting of Co,TiOs and CoTiOs, which may be active for
the decomposition of TCE in a flow of water.

Key Words : Heterogeneous Wet Catalysis, Cobalt Oxides, Trichloroethylene, Chlorinated Hydrocarbons, Surface
Chemical States
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Table 1. Physicochemical properties of TiOz-supported

catalysts
Catalyst Preparation Metal SeeT
technique®  content (%) (m'/g)
Shaped TiO» 79
CoOx w 1 80
5 71
10 65
NiO« W 5
CuOx w 5
FeOy W 5 73
Note. Use of a 30/40-mesh TiO; for its supported
catalysts.

°IW, incipient wetness.
"Provided by Millennium Chemicals (DT51D).

Fig. 1. Schematic of a continuous flow reaction system
for catalytic wet decomposition of aqueous TCE
in water. 1, on/off valve; 2, TCE storage tank;
3, liquid-level gauge; 4, 3-way valve; 5, high
precision liquid pump; 6, precision pressure gauge;
7, check valve; 8, transparent glass window; 9,
large volume magnetic bar; 10, large volume
magnetic stirrer; 11, TCE injection port; 12, mass
flow meter or controller; 13, thermocouple; 14,
I-shaped reactor; 15, catalyst and inert mesh
screen; 16, electric furnace; 17, off-line sam-
pling port; 18, on-line sampling system; 19, gas
chromatograph.
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AbstEo] ExHA] ¢ Fx|Ae] FwHo| TCEY
o A3 AAE AY dojux] Ygtew olE
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T2 v
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o
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2. The extent of the adsorption of TCE at 36°C

on the bare TiO: support in the continuous liquid
flow reactor. The respective DO concentration

and pH of the aqueous solution was 9.8 mg/L
and 6.85.
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Fig. 3. Time on-stream activity of TiO;-supported transi-
tion metal oxides for catalytic wet oxidation of
TCE at 36°C in flowing water.
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with respect to its contents for catalytic wet
decomposition of TCE at 36°C in flowing water.
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234 9H FAV JouR 5% CoOy/TiOE
o]-§% A4 TCE Z3|ukg Fol 36°Ce wrg&
TN EHE AE WY Cl o|FEE 43
o}, Table 2614 H5Eo] 1 & A7 34 yhgo] A
PHE T EHE NS F 9ol z+4 59 23
ppme Cl ¥=& 4L F Utk B8 S 44

AC 528 71gez2 & 9, ol 7474 6 2 26%
o] TCE AAZ g gt 1, 54 w8
2% TCE 558 7]%-9- g 5% CoOx/TiOz
Zujo] AL T WSAITIAN 77t 137 32%
AERTE (Fig. 4). mekA], dh8 Fo ] AL C F
9 TCE B&& 7IFoz2 3 ZulgAddy

8% AE9 o7t EAFE ¢ F Rl , ol< ut
£l TCE7} ¢+43] mineralization®| 1] AR

ostn Q. F&v) wgel ¢ TCE AAWS
o A Z%9] dichloroacetaldehye, dichloroacetic acid,
trichloroacetaldehyde, trichloroacetic acid &o] Ht
$ 9AEZ 448 & = Aoz Ragyg?.
F7109BAES AANI] AF FAZ RS
s

10 1o oo 2

¢ BAEe A4 D 3 %o oy yheHsE
g8 4L W How AdFA g

dgo FAFE pom FEY KUleEEAS
S BE7Y Euulgoz AAGA @ o, v
A3 2 B BAL oY 295d o Wiy &
Qe Aoz LA AT, 28T 295 Fd &
WEHe) EAGE FHEREC NS Fo £2

o] 2A4FHAY &AW E9 chemical state’} HolE
= ASeldt & @?Oﬂ/‘i% £ TiO; W &=
2| CoOx«I £% o435 Aty 38k, 5% CoOy/

TiO; )3l A TCE Xﬂﬂ‘i‘}—s Foll CoOxo ¥
ZA3tth (Table 2). 36°Co W2 EoA 45 Al
Zt ol F¢ TCE Baits& 387 o2 Tioel

98 AR YolE CoOvy 4 47 wt% A
e, ole W Fol #AE CoOcd 457t &
Aozt s dajFa gich whdd, W A
7 Fo doIA 5% CoOw/TiOz Fvie] v WA <
Wit FEEA FArh Figs. 3 2 404 & 5 QL

Table 2. Concentration of CI” produced in the continuous process of catalytic liquid-phase TCE decomposition
over 5% CoOx/TiO; and physicochemical properties of the used catalyst

Concentration of Cl” produced (ppm)* Metal content (%) Sger (m'/g)
Catalyst Time on-stream (min) Fresh Used® Fresh Used”
60 180
TiOz ND ND 79
CoOx 5 23 5.0 4.7 71 75

Note. ND=not detected.

*Content in an effluent solution after reaction at 36°C for each on-stream time.

®After reaction at 36°C for a 280-min on-stream time.
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w2 A7 wel o Aol oA A
ZHe 90E FHE] fste] 4 wkg A -
5% CoOx Zmjel Wigh XRD Z¥%& DT51D ¥
C03049] XRD HQEF v2st) Fig. 59 XRD
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XRD #H"olA EAAZ AREE DT51D TiOl &
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65.22°2] 20 oM Mz Hart #FHAAG 45
A|Zb o] Fot w83 Fo] 207 HAEH 5%
CoOx Em9] Aoz dhg A Zuj9 XRD 539
o] $ FAEgTh Arle] 28 gEAA UEldE XRD

2 CosOuolA Hojx= 28 gk (1899, 31.26,
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Fig. 5. XRD patterns for (a) TiOz, (b) Co304, {c) 5%
CoOy/Ti0O; after wet TCE decomposition at 36°C
for 5 h, and (d) 5% CoOy/TiO; calcined at 570°C
in an air flow for 1 h. The upward arrows
represent the diffraction lines by Co3Os.
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2ol A CoOy/TiO; e wHe 84 2 mWssy T2
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gtk wakA, XRD A zg 2od ukg A - &
of B% 5% CoOyTiO: &vjel FEHel EAst=
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XRD Z3E CoOy/TiO0 ¥aFze EAE vt
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7zt 780.3% 7958 eVelA dEMRTH ¥HE A - Fo
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Fig. 6. XPS spectra for Cos0s and 5% CoOx/TiOz
catalyst. (a) fresh sample calcined at 570°C in
flowing air for 1 h, and (b) used sample in
wet TCE decomposition at 36°C for 5 h.
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Table 3. Surface chemical states by acquiring XPS spectra of 5% CoOy/TiO: catalyst®

Binding energy (eV)

Catalyst Co 2ps2 Co 2pw2 AE Ref.
Main peak A4S Main peak 4S5
5% CoOy/TiO:
before reaction 781.3 56 797.1 6.1 158 This study
after reaction 780.3 6.8 795.8 76 155 This study
0.7% CoOx/TiOz 781.2 - - - 15.8 19
5.22% CoOy/TiOy 780.3 - 796.0 - 157 20
7.6% CoOx/TiO2 780.2 - - - 15.2 19
Co304 780.3 7.3 795.5 86 15.2 This study
Co7TiO4 78L.0 - - - 15.8 19
CoTiOs 781.2 — — — 15.9 19

? AS=energy separation between the main peak and shake-up peak, and AE=spin-orbit splitting.

SASL Q)
A - & Ti0 EAAAA EA8E CoOcY
surface chemical statesZ T33t7] ¢18l9 XRD
240 AHEH CosOs0 Wit XPS EAHE T4
2744 839t Co 2p XPS ZHEZ A
E} #9329 hinding energy, 7339 shake-
up ¥ A7+9) energy separation(2S), Co 2ps¢t Co
2128l F3 3 binding energyte] xHolel spin-
orbit splitting( 2E) ¥°] Table 3o Fojx git}
Co30:2) Co 2p32 932 binding energys 780.3
eV, Co 2pweell B3t #3314 binding energy+
7955 eVaAT}H (Fig. 6). Fresh CoOx/Ti0; &0} 9
o) MAE Co species¥ binding energyste 2
e o ZujF W] EA8t= Co species? che-
mical state Cos0s%F fAMSH el S & + Slth
wg Foj 5% CoOy/TiOz Fuljdelr fold Co
species®] ™3t chemical states %A 2] XRD 2%
oA B AARE F At Bk £9& DTSL
TiOol CoOxd BARE F7HA71HA Co 2pY
binding energy®l W3S ZA}8IS ), 0.7% CoOy/
TiOz &9 CoOxd) BAFo] e Bfo Co
2p9) binding energyy =4 WeldAwh CoOx2
R ZFo] 271814 binding energy$t aEE 24
e wustgd. ol AFE Holyx i
TiO: ¥ 9AHE CoOx8 %ol F718AA X
Wol CoOut 2 HAEH7| WFoltf®?. mfaja,
B A3 Afox FAR HIgE Hojn glonm
2 ukg & TiO: B EAste CoO«8] Co species
= Cos0sa & 4 Ut

e Eo wZHR @2 fresh Fojo HIaTX
od g XRD HEE& CosOsZE o] FolA &g B
AFh mabA, g W F$-oe 5% CoOx/
TiOoll tHe XRD 23 ¢ o] Zvjo] FHFXE

L
1__
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HeFe XPS ZFEHEH M2 dAd HES =
2% T ATk 8 A 5% CoOvTIO, FrlolAM #

2% Co 2ps2® binding energy: Table 3ol ¢
A CopTiOs% CoTiOs2) binding energyst A &
g4t Co/TiO: &vo]l Wd NIR-DRS, XRD,
XPS, Raman 59 d3oA #ZEHAE0], CorTiO,,
CoTiOs%}t #2 CoTiOxe CoOy8 EA "o &&
A% AABAANA CoO Ti07te] HEZol &3
HyEe Aog de4 AP, 7129 474
B AFoa 9o}z XRD ¥ XPS ZHE wigo=
& o Eujzlz Fo 570°CAA 1 A7k T 24
d &0 Edo AuAer A8 Co040 97
HFHo] CopTiOs, CoTiOs%} 22 CoTiOx species®
encapsulation® o] & EWEEHe EdTxE
Aeratnz}p dok ojEd FWEFFE o]FoF 5%
CoOw/TiO; &vl9) A 9o, XPS SHOERE o
o} spectral feature ZvlEHo| EAste 2 ¢
o) WaTz FoME AR (~40A)9 che-
mical state & WAz E wke AdlE CoTiOk
} #AH3E binding energy #< YeERAT o]
Bgol daFze 3338 Cos040) AT XPSHlA
& F 9%l HE A . Fo FHTFRE UEA Y
Elg Aojt, Wk, kg A Zujo ojd XRD 2
Fe AX ¥z FxE PHAEAN EAERE
AAshE FARNE AL Fonz Co0sd T
279l EAL BoEt. deEo Y4AAN =5 "
Foe 9REEAL AT dE CoTiOE Alztol
ARHAA FAHe R AAH CosOF EHOZ
v&5oid A4 TCE AAWE] glolA active
site 9&& 3, A AL Fek TCE A)A
gol AXAH oz F7ste AAZ A EdstE

Aoz AZH oAt
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